C eliac disease prevalence has risen in recent decades all over the world, thanks to improved diagnostic tools and a possible actual increased incidence of the disease. 1, 2 At the same time, a growing number of persons in which there is no evidence of celiac disease report remission of gastrointestinal and nongastrointestinal symptoms after removal of gluten from their diet. This condition has been named nonceliac gluten sensitivity (NCGS). 3 However, some authors propose to call it nonceliac wheat sensitivity, 4 assuming that components other than gluten may be responsible for the symptoms. 5 Both definitions have to be taken as temporary denominations because, at the moment, there is no definite knowledge of what the agents responsible for the symptoms are in these patients. Furthermore, no definite data indicate that NCGS is a distinct disease, mainly because of the small number of studies and their conflicting results regarding clinical 6, 7 and pathologic aspects. 8, 9 Another reason is that the gluten-free diet (GFD) has become increasingly popular and it has been adopted as a lifestyle choice also by healthy people, such as athletes, 10 despite poor supportive medical evidence. A study has shown that in NCGS the exclusion of food rich in nonabsorbable sugars and polyoils (FODMAPs) may improve symptoms in patients, independently of gluten intake. 11 This makes NCGS a condition more similar to the irritable bowel syndrome, 12 in which some studies show that the FODMAPs diet efficiently controls gastrointestinal symptoms. 13 The aim of this study was to investigate the nutritional characteristics of the habitual diet of patients with NCGS, and in particular whether they exclude other foods from their diet besides gluten and what are those foods.
Methods
Patients with NCGS were consecutively recruited at the outpatient clinic for celiac disease and other food intolerances of the University of Salerno, Italy. Inclusion criteria were adult age (!18 years), exclusion of celiac disease diagnosis by the means of negative celiac disease-specific serology (antitransglutaminase IgA and antiendomysial IgA in absence of IgA deficiency) and negative intestinal biopsy, or an A grade histology according to Corazza-Villanacci classification 14 before starting the GFD, and if they reported a clear improvement of their symptoms on a GFD. To be included, all the patients had to have been on a GFD for 6 months at least. For the purposes of the study, we also recruited control subjects (!18 years of age) among the patients' friends and the hospital staff. Enrollment took place between September 2015 and April 2016. Patients or control subjects on a hypocaloric diet or with any dietary restriction caused by metabolic disorders (eg, diabetes, hypercholesterolemia, hypertriglyceridemia) were excluded. We included patients and control subjects of both sexes living in Southern Italy. The participants gave their informed consent and the protocol was authorized by the ethical committee of the University Hospital S. Giovanni di Dio-Ruggi d'Aragona.
An experienced dietitian administered a validated food frequency questionnaire, the EPIC questionnaire, which evaluates the amount of commonly eaten food with the help of a photographic atlas of food groups. 15 The atlas consists of 64 food/drink tables. 16 In our study, patients were shown the 20 most frequently used meals in Southern Italy, such as 4 different portions of each meal (pasta, bread, vegetables as side dish and soups, meat, fish, eggs). To assess the quantity of liquids, such milk, yogurt, wine, and carbonated drinks, we showed pictures of beverages in glasses or cups with different volumes. The subjects were then asked to fill in a 3-day food record to hand in on a second visit. On the second visit the dietitian (MR) analyzed both the EPIC questionnaire and the 3-day food record with the subjects, to better estimate the quality and the average quantity of ingested food.
All subjects also took the Eating Attitudes Test (EAT-26), which is a questionnaire consisting of 26 items 17, 18 that investigates diet-related disorders, bulimia, and anxiety related to food. More specifically, EAT-26 highlights the perception of one's own weight and physical appearance. The EAT-26 test is a standardized and validated screening tool that can be considered a valuable aid in diagnosing eating disorders at the cross-cultural level. Each question is scored on a scale of 0-3: for questions 1-25 the scales of "always," "usually," and "often" were scored as 3, 2, and 1, respectively, and 3 other scales ("never," "rarely," and "sometimes") were scored as zero. In question 26, the scores of "never," "rarely," and "sometimes" were 3, 2, and 1, respectively, and 3 other scales were scored as zero. The range of the total score was 0-78. A score of 20 or above indicates that a person may be suffering from an eating disorder and is referred to 2 mental health professionals for further evaluation (CB and MS). On the first visit, the patients with NCGS responded to a question regarding their social life ("Did the GFD change your behavior during social situations, such as social events, travels, and vacation?" yes/no) and were asked to assess their compliance to the GFD on a visual analogic scale ranging from 0 (never compliant) to 10 (100% compliant).
The patients with NCGS also responded to the Italian version of the Minnesota Multiphasic Personality Inventory (MMPI)-2 questionnaire, which is routinely used to screen mental disorder. The MMPI-2 is a self-report questionnaire developed to independently assess an individual's psychological functioning and for personality assessment. The MMPI-2 consists of 567 items with dichotomous responses (true/false), and it includes a set of clinical scales: 10 fundamental, 3 validation scales, 15 content, and 15 supplemental scales (not included). 19 The MMPI-2 data were analyzed blindly by 2 experienced psychologists (MS and CB).
Statistical Analysis
Categorical and continuous variables were expressed as frequency and mean AE standard deviation, respectively. Differences in frequencies between groups were calculated using chi-square test, and differences between continuous variables were calculated using Student t test. We compared the 2 groups according to age, sex, body mass index, type of job (classified as student, housewife, worker, and unemployed). Body mass index was classified as underweight ( 18.5), normal weight (>18.5-25), overweight (>25-30), and obese (>30). We chose these covariates because they are likely to be associated with dietary restriction. All tests were 2-tailed with significance level set at P < .05. All analyses were performed using Stata version 12 (Stata Corp, College Station, TX).
Results
Thirty-five patients with NCGS consecutively attending the outpatient clinic of celiac disease and other food intolerances of the University of Salerno, Italy, during the study period were eligible to participate in the study. However, only 29 of them accepted to participate and were enrolled. The reasons of this refusal were frequent dietary lapses and an unwillingness to fill the 3-day food record questionnaire and to return for a close second visit to complete the dietary assessment. There were no gender and educational differences between those who refused and those who accepted to participate (data not shown). Thirty-seven control subjects were included in the study. Table 1 shows the main characteristics of the patients with NCGS and control subjects that completed the study protocol. There were no statistically significant differences between the 2 groups in sex, age, body mass index, and job type at the time of our study. At the time of completing the questionnaire, our population with NCGS had been on a GFD for an average of 1 year and 2 months (range, 6 months to 2 years).
Dietetic Interview
The dietary evaluation through the EPIC questionnaire and the 3-day food record showed a lower consumption of bread, pasta, rice, cheese, and snacks in patients with NCGS compared with the control group (Table 2) . Consequently, we found a lower intake of proteins, carbohydrates, and fiber in patients with NCGS compared with the control population (Table 3) . Moreover, despite an equal intake of total fat, the patients with NCGS had a lower intake of polyunsaturated fatty acids than control subjects. These dietetic choices resulted in a lower energy intake per day (Kcal/day) in patients with NCGS than control subjects. At the time of the interview, when specifically asked, more patients with NCGS than control subjects reported that they avoid eating fruit, vegetables, milk and dairy products, snacks, and mixed spices that are traditionally considered unsafe for people with gastrointestinal symptoms (Table 4) . In fact, the most common reason given for the reported exclusion of these foods is the belief that they cause symptoms similar to those of gluten intolerance (eg, bloating, abdominal pain, diarrhea). As Table 4 shows, instead, a lower percentage of patients with NCGS than control subjects reported to avoid beef and poultry, commonly considered "safe" food for the gastrointestinal system. However, despite what they reported, considering the mean values (grams per day) of vegetables, fruit, and meat eaten by the NCGS obtained by the combination of the EPIC questionnaire and the 3-day food record, we did not find any difference in the total consumption of those types of food compared with the consumption by the control population ( Table 2 ). As Table 2 shows, we decided to ask for parmesan cheese consumption separately from other cheeses because parmesan cheese is virtually lactose-free, and none of our patients excluded it from their diet even when they excluded other cheeses.
We checked for other wheat-related products, such as rye and barley, but being not common components of the Italian diet, and rarely eaten in Southern Italy, they were not consumed by our population. Beer consumption was also very low, including gluten-free beer. We did not find any statistically significant differences between patients with NCGS and control subjects in blood analysis, such as hemoglobin, proteins, cholesterols, and triglycerides (data not shown). During the visits, 19 of 29 patients with NCGS complained of difficulties in attending social events because of their diet and also the uncomfortable feeling of suffering from an unknown and unrecognized disease. However, all patients fully adhered to the diet and they showed no symptoms on a GFD.
Eating Attitudes Test and Minnesota Multiphasic Personality Inventory-2
Seven patients and 3 control subjects scored above 20 on the EAT-26 (Table 1) and were invited to attend a psychological consultation that did not confirm the presence of a specific altered eating behavior. However, the EAT-26 score was overall statistically significant higher in patients with NCGS than control subjects (14.65 AE 11.64 vs 7.9 AE 5.75, respectively; P < .003). A total of 24 of 29 (included all 7 patients with pathologic EAT-26) performed the MMPI-2. From the analysis of the MMPI-2 we observed, among the content scales, a pathologic mean value (>65) for that related to the health concern: mean score, 70.83 (standard deviation, 13.1; range 45-92) (Supplementary Table 1 ). Considering the fundamental scales, most of the patients had a high score for hysteria and psychasthenia scales. The hysteria scale relates to the profiles of people that manifest throughout the body (symptoms) emotions that are considered nonfunctional for their wellbeing. A high score in the psychasthenia scales depicts people who are cautious in social relationships, and that may frequently show a phobic behavior, such as tending to excessive cleaning for fear of infections, or obsessively worrying about the shelf-life of commercial food. The psychasthenia scale may indicate a trend to perfectionism, moderate anxiety, depression, fatigue, insomnia, an excessive attention to food that justifies and strengthens food restrictions. Also, the patients with NCGS showed a high average score in the hypochondrias scale that indicates the preoccupation with the status of one's physical health. Hypochondrias may overlap with somatization disorder and indicate instances of somatic complaints that lack any identifiable sufficient medical basis. Altogether these profiles indicate that these subjects are likely to complain, in general, of numerous physical problems, including gastrointestinal (constipation, bloating, or epigastric pain) and neurologic (headache or vertigo) disorders that greatly interfere with their life. They consider their health worse than that of other people.
Discussion
Ingestion of food has long been linked to gut symptoms. Patients with NCGS report that the ingestion of gluten-containing cereals is associated with gastrointestinal and nongastrointestinal symptoms. Our study shows that most patients with NCGS avoid not only gluten but any wheat-related products and other foods that the local tradition suggests may cause gastrointestinal symptoms, such as cheese and snacks. Some of the foods considered unsafe are rich in FODMAPs as disaccharides (eg, milk), monosaccharides, id est fructose, and fermentable fibers (eg, green leaves vegetables). The FODMAPs in food are poorly absorbed in the small intestine, enter the colon, and are fermented, producing gas and distention. 20 A previous study described that FODMAPs may play a role in the onset of the symptoms reported by patients with NCGS, 11 as also happens in irritable bowel syndrome. 7, 21 The EPIC questionnaire and the 3-day food record, which measure the quantities of eaten food and indicate food choices, showed, on average, a difference between patients with NCGS and control subjects in the daily consumption (grams per day) of FODMAPs-rich food. Therefore, we found that the patients with NCGS eat less "dangerous" food for their gastrointestinal disorders, choosing foods containing a lower content of FODMAPs, and this likely makes them feel better. Recently, a randomized study has shown that traditional dietary advice reduces symptoms in patients with irritable bowel syndrome and a diet low in FODMAPs. 22 According to our results, this might be true also of patients with NCGS.
The data of the present study indicate that patients with NCGS eat a lower amount of fiber, carbohydrates, and proteins and also of polyunsaturated fatty acids and this can result in an unhealthy diet, causing other health problems. [23] [24] [25] Part of our protocol was focused on the patients' psychological behavior. Signs of altered eating behavior are frequent in gastrointestinal disease, such irritable bowel disease 26 and celiac disease. 27 Our study showed that the EAT-26 score of the patients with NCGS is higher than the healthy control subjects, even if none was found to have a specific eating disorder when interviewed by the psychologists' team. The patients with NCGS showed, instead, a pathologic health concern and a frequent high focus on their somatic signs, which may be the main determinant of their dietary choices.
The last consideration to be made is that it is possible that such a dietary regimen causes changes in mood and in the family and social life, as reported by 65% of our patients with NCGS. In our experience any dietary restrictions, such as those associated with celiac disease, 28 are associated with increased attention to food in the patient and his or her family and friends and modification of their social life.
The strengths of the present study are that this is the first study to evaluate the diet composition of the population with NCGS using a validated food record questionnaire, a complete questionnaire about food avoidance, supported by the evaluation of a specialized dietitian. 29 Moreover, all patients come from the same area and therefore their dietary habits are likely similar, but modified by their condition. Lastly, recall bias has been avoided adding a 3-day diary for the evaluation of the daily intake.
The study protocol included a validated questionnaire about eating behavior, 18 which excluding eating disorders in all patients confirmed the quality of the gathered nutritional information. The psychological evaluation by the MMPI-2 questionnaires depicted a peculiar NCGS profile of food-oriented, health-oriented, socially constricted people that deserves medical attention and advice.
In conclusion, our data indicated an imbalance in the dietary composition of patients with NCGS, because of choices due to nocebo effect or avoiding the symptoms, which causes health hazards and psychological distress in the long run. The diet composition of a patient with NCGS should be investigated and possibly corrected to avoid the possible nocebo effect and/or nutritional deficiencies and/or the shift toward an unhealthy regimen too rich in proteins and fat. 
